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(57) Abstract 

A semiconductor device which enables 
relaxation of thermal stress without cutting a 
wiring is provided. The semiconductor device 
has a semiconductor chip (12), a solder ball (20) 
for external connection, a wiring (18) for 
electrically connecting the semiconductor chip 
(12) and the solder ball (20), a stress relaxation 
layer (16) provided on the semiconductor chip 
(12), and a stress transmission section (22) for 
transmitting stress from the solder ball (20) to 
the stress relaxation layer (16) at an outer 
peripheral position of an electric connection 
section (24a) between the solder ball (20) and 
the wiring (18). 




(57) m&) 

*fyr(12) i:/\>*-tf-;i/ (2 0) £g»Wfcjg«-raiea (18) 

¥-mfa?-v7 (12) <o±t:ia(t?,ns^*sjftiJi ( 1 6) ;\ 

(2 0) fcKJB (18) fcOgfflttfcfittgB (24a) ©*UlteB-T!^>^#- 

;t/ (20) fr^mtimmm (i 6) t*fbTj^**exsji&*Ffea» (2 2) 



y t.T = T SN •t^iS/i' 

Ht>^^ SZ ^!7i?5^K 

^^^7 TD * + — K 

tg I — =f- 

T^r TI3^-— T R h/V3 

U A £ ^ 7 W 

*r>=fjls UG <?13S# 

*r—V*~T US JfclS 

•r^^-f U2 
>t*->=J VN 

ni?*— YU — =T— *7 -TV T 

t7>^ Z W 



A L 


T/w< = 7 


F I 


-7 -f > "? \s K 


LT 


AM 




F R 




LU 


AT 


s y r 


G A 




LV 


AU 


h5UT 


G B 


mm . 


MC 


A Z 




G E 




MD 


B A 




GH 




MG 


B B 




GM 




MK 


B E 




GN 




ML 


B F 




GW 




BG 




G R 




MN 


B J 




HU 


✓>>#y- 


MR 


B R 


^7 ' l — 


I D 




MW 


BY 


1 E 


74 t\s*7^ K 


MX 


C A 


7J + y 


J L 


^ J* 7 ;n/P 


NE 


C F 




I S 


T -Y ^. T > K 


NL 


CG 


2fc?D (3 


I T 




NO 


CH 




J P 


B* 


NZ 


C l 




KE 




P L 


CM 




KG 




PT 


CN 




KP 




RO 


C U 




KR 




RU 


C Y 




K Z 




SD 


c z 




LC 


■fry h • /L'-VT 


SE 


D E 




L 1 


y t v 


SG 


DK 




LK 


* y - 7^* 


S 1 


E E 




LR 


y ^y T 


SK 


E S 


> 


L S 




S L 



WO 98/32170 PCT/JP98/00130 

1 

^t^^^l snauBBOfetrafc t>»^ assume ^r-y- 

^X^:ifi;0^^^-y©CSP (chip scale/size package) «^ntl^ 0 

o x m m & w m <* n & o ct o t z -r z> z t & ^ $t £ n & 0 



WO 98/32170 PCT/JP98/00130 

2 

fc*>\ mm\±, mmm^iY\,x^umm^mm^nx^^o z\z\x, m»m*. 

IJ'J gSSttffl §8 £ ti T * cfc ^ o 



WO 98/32170 PCT/JP98/00130 

3 

N&HBJfa*>fe3iSBfcJu fiufBJg 2 (D/fo^fP^ 

entente, s^sist*. ^ i ^^^^iPMt3^bT±T^^©^±f^fe^i- 
— ® Fir T- m&mzn&o 

HuiB}g«5SB(±. mmm 2 * Mil b xmif % tu 



WO 98/32170 PCT/JP98/00130 

4 

£ b^o 



WO 98/32170 PCT/JP98/00130 

5 

tgffi-r&m i coMmmm^t, mBm2(D}fojjmmm%mm^Tm2ft-&nmt 
mmm 2 comu^ t ^mmr^.m 2 <D®mmmm&m u 
■mmm 1 Rvm2mmmmm±, ^m^iz-rtitciiLmizmi' 

mm 2 mmmwt^z-i^mizm^isx^m 2 coBmmt, ^tit^^^o 
# ^ i ^ t x 1. ^ f ^ i ^ ^ -y- S c h A s T'^ s o 

it§o fit, mWkhK ^OffiaftXj|^tc§|o^^nTta»f^nsci:*R§±T 
£<, 



WO 98/32170 PCT/JP98/00130 

6 

fSf3fS«i£®ttTHirgBg^ 

hu namffi * & ft t IB ^ ^ - ^ iz fojj |£*q£f$ * flStt £ x*£ h , 

jfis *u as fc *r u t # * x. s j& is ?i as £ e£ t £ x n ^ , 
note. x«^>^icj: oT»£ff£fsrsx*i£^T-*<fc^o 

mifi2Ji&*«i=fDSB©ff$J*x@.(i s HuIBiB«©^fiexg©»fc^f t>n, 
iulB^^— ^N<7)ta)Wfx^co^tc, i&ia/i&;fcJBflJSS<fe. M8BJfo^fcjiffl<z>T'#£ 

^^«ifpgB(cl±. Mm±xmMT Zffi&t. foji&mBTX 



WO 98/32170 PCT/JP98/00130 

7 

BAzm&¥mi&MW*^mT:$>*)> mi iamii ib&. mi immmm 

^*rgiT&!3. ii4it si i 4HJte^si*-^5*»^s*^"risiTffe ?k 0 
tf§ 1 5gi«i^a8t®*^»*ssa*^-rsT-& t>. mi em 

mmm^g^^^m^w^^irmx'^^, m 1 1 k~~mi 7E&, *#efuafc:«£ 

*»{fcf£S©|&&xf|£^?-|a^& m 1 8 A-gl 1 8 Cfcfc. *!6Bj3K:«S^ 
»<*^e©l!iiSXg^7^-rS!t?S> El 9lis C S PS*<Z>¥»f*^©£^-f El 



WO 98/32170 PCT/JP98/00130 

8 

&©£l&-r*£rfc£>So t^fe^^^T*i^M^^7'i:li^-xIS (0*1*. 

mm, m immmmz%%¥mikmw*^twmmx&z> 0 mmt^-r^m 
pb<&, ^i^^ri2©±^ tn 4%mvTj&j3mmm i 6 



WO 98/32170 PCT/JP98/00130 

9 

^^^h^lK, ^f(c-^>^^2 0 kg/mm 2 m&VXTl:$> Z> Z 
HU^o )fo«£*nJil @oi3;^^i^;b#*# < 1-100// 

m^jg(7)JP^hf UOo fzfzl., 1 0 kg/mm 2 WM 

&sot*, m-jimmm i 6 ^ ut s ^jxisvun-v^TKu-i' ^ kwh, ^ 

mmi 8fc*. & a — A (Cr) 2>>£&£o ^d-A (C r) ii. J^^j 

soli, i^7>^t4^fltni^ r^^^A^K^'J^x 
^^•-^©r;i/^-^<fexti±f ^^-^Xii^ (Cu) xii^^ct ?&&Jgt$ 

mvz&'m) ©&£:&/i-e*> ^o<> i^t^t^n^^ > 

&lzte?-$> t:ftijtf)±fE^£: SSfia^rfr-tfT 2^W±^^J&Jc,bT t)i^c 1B« 

ies i 8<d±iz\^ ss>y-tf-)i (Kffinm) 2 0^e>nt^5o i?l< 



WO 98/32170 PCT/JP98/00130 

10 

S52 2 fc©*SSW2 4 aCOlf d 4:* Jfc^fc^ 2 2 ©HD £ ©i^^ d< D i: 
gtC^Ti^^fe^2 2ii-TOd^oTt^o C©«t-5&^Je^SB2 2 £ 

ctoT. fo-Jjt&%\m 1 6 CC^UT^V^*^ — ;V2 0«J^tLTt^ o b A 5 o 

^>#^— ;i/ 2 0 £#J^3 i:t S/iS^tis /£^®^T*/fo^ftiJi 1 6 icfeSi 

(m2mmmm) 

12121*. m2mmmmt f zm&¥mfa?&m*m?mmmT'&z>o mmx-m-r^m 

BE»3 8Ii* ^D-A (Cr) *>e>fcSo 



WO 98/32170 PCT/JP98/00130 

11 

Z(D?Z3 6 a(OfK«^*5V^Tfd:iS2!i®3 8 ±*Jfo;fc!l#IJf 3 6 i$mt>tz ^ «t 5 j& 
oTi^o m^tft*.Si^ ^36 ac^iMT^Sa^3 8^itl. J;^^ ^36 

aii^^nri^o fit, ia^3 8. ^LXFtrnz %>\hmmm$ 

^□SSfiBfcl^ttTx */ty*U>^tC<fcoT^P— A (Cr) Jf 4 2 ^^03 (C 

-A (C r ) MA 21kXim (Cu) Ji 4 4 &Bm£tiX O £o L PBPSgffi 
(C*5^tt±J:bR»Jj£;VM|iT. — A (C r ) J14 2Mffl (Cu) Ji 4 4 

^ (Cu) jf4 4CD±«Cfci:. §13 (Cu) £>^&££j^4 6^^fiJc^tl. 
g4 6C, ^>^-iH0«^ntl^o — ;i/4 0li. Z>*f*tlfc 

ia^3 8. H144, ^D-AJ^4 2^^i^4 6^ltti3 4 ^m^ftlC 

*j|fflifl5S8t:J:nK, 3 6 a^BHPigSBfci^T* ^n — A (Cr) 142, 
m (Cu) Ji4 4&TJ C ^&4 §(D>PU< fcfc--^£ff£f#£ft£/fc;bfea»4 8 

c©/iS^fK3as4 8(ix ggJKiiiS3 8 a«t D *)^^ffiSbrv^So ::t\ IS 
«g€fS3 8 al±. ^D-A (Cr) JI 4 2©-^feot^ ^>^*-;v ($>MWm 

i) 40 t®m3 8 tsm^jtiStt-rsisiJ^©— sb"c*>*o 

afcligycDiS^offiStriaiE^n-CisD^ W3 8a, IB® 3 8 fctifc^SfbJgS 
oTs mm^3 8 atCt±jrt>^3EjS{Et)l5fc< < & *) . SE^ 3 8 JfoXifi&to K> 1Z 



WO 98/32170 PCT/JP98/00130 

12 

3*sjgfi6^nfct)©7?&So *5!JteJf2!&T*K BM£«S3 8afci: s ^d-A (Cr) 
H4 2(D-Bii7?a&oT % A>^— ;u (^WSfiS) 4 0 4: IB® 3 8 h £mm&tHC 

ftT^So Ifc^ot, ffiKjfe^3 3 S^UT. VN>^-;H0^^Ji&^i 
ftjg 3 6 {Ci£;***{K3l$ttSo C^t§ChT\ Ji&^^^ft^n-C. — 
;i/4 0 i:£^^5jig|S4 8 £<Z)fig % *RM- N 1^4 6hH (Cu) 144 h©^£r#tf 
tc/fc±F#£6^f-£c h£^ft£n& 0 &*5, Jfc;fcte3ISI3 4 8 li, ^a- 

A(Cr)Jg42,8MCu)Jf4 4 2fe^^4 6 fc — Sfla»£fl2J#& 

*<DmM*. mm c^>^) ^ ^^^ns^o^g^ 
ii3 3 *jf.<^figi-tiK, ^ZKfotifcmiPTij^tteZe &t z> itm&om^mm 

a&S^fct* JtotrfcgSM 8 (#5&4 6£^£r) ©Jfcj&gK ju 4 0 (D 



WO 98/32170 



13 



PCT/JP98/00130 



BM^ft5 3 8afci\ ^>^^'-;u WSBWl) 4 0^12^3 8 (di2#^) 

(14 A^O ? HJ4 BtC/TN-TJ:^ (3. I3 5(i, l&^SSlnJi 3 6 (C*stt S/S^tIe^ 

fo±immM3 6fct, ?»3 5 «t ?) 4»J.-£^e5Sffl54 8 <»J{z*5V^TSJ^ b-^T < So 
^ma^t, Jifr^iSfllJl 3 6 ^Jfo^nMib^-r < &£ 0 ftfcu /fo;bi&i&JI3 

fli*.!*, i35^, J&;fcfe3ifflS4 8 **e>JG&^lfflW» 3 6K/fc;fc£flD;L3;£|qJ (HI 
(tg 5 listed) 



WO 98/32170 PCT/JP98/00130 

14 

t«tb^ 4«-^fMSM3 9 <2DJi&^«ffl» 4 lfci\ m2i f z^-th^timmm3 6 J; 
Ji&*iKSI»4 8©-Q(i^gB4 8 a©TTx < r>"n 3 J: -5 fcJtfo&lfflJJl 4 1 fcfcjfcfifc 

/fo^SSfiM 8®-=>(ittSP4 8 a ©T £35113 4 3$Mt*5Ci: 
:^4 3lt g| 2 fc^-f/fcikiRglDJi 3 6 £*fLT. K ^ y -=f 

§ o 

>^**-;u4 ofcj&n^e>ixsji&^*, «ftoe^a5 4 7§^ur. j&aaifnjf 4 1 

C©J: ^ ^MtelSP 4 7 ^tt 5«M1 4 5 li, Kl 3 £ jj* "T <fc 5 



WO 98/32170 PCT/JP98/00130 

1 5 

^mmmmx^, Jgtt-3B3 8-afcfc, s\>VX-)V WS15«§i) 4 0i:IS^3 8 
(f 7HM1) 

co±tc^i^-Tsa^5 8 «^nti^ 0 z.<Dmm±. mimifoBmtmmx$> 

(Dfo-hmmm 5 7 ^5 7 a«^titi) *K Jfr;fc*gfl]Ji 5 7 $fit § 

«fc 3fC, ^D-A (C r) Jf 6 2RV t m (Cu) Jg 6 4W^tlti^ 0 S 

a©N8PigigB{cj3^-C(±l:b«WJ!£V^tf^ ^D-A (Cr) Jf 6 2 ^t>*^ (Cu) 
J16 4#i£#£<fc-5£&oT^£o (Cu) /§ 6 4 0>±l;:fcfc£&6 6#Bl&£ 
*U 6 6 >y^-;v 6 0 ^M^nt^-So 

3;fc. 5^57 a©^aiHaut:i5^T. ^n-A (Cr) 162, H (Cu) @ 
6 4MSi6 6<D—ffifr<bMl&$ti%>J&tJiK%k&6 8*»6, * 2 ©Jfc^ifigflJja 
5 7 1;, a>^^-;1/6 0^^©£^^I^ni)o £<Z>liS;fcfcSSB6 8 lis S 
3tt»5 8 aJ: »5 *>^ttS«clS;^e,iX"Cl^o CCT, fitfM 5 8 a H\ 
A (Cr)I6 2 ^>^**-;i/ (^ftS^®) 6 0 hiM&5 8 £ 



WO 98/32170 PCT/JP98/00130 

16 

8 ^^ut^ 2(Dfo±tmmm 5-7 izfemgnv&ugtiz> 0 z<d&oiz, nmom 
mm 5 3«i^ti^*)©t^i»o ^M^-e&, »5 8aft 

nt^So U;^oT, *Bflb<K^J15 3 S^UTs a>^-;V6 O^^J^i 
fc*3s «B&fe5iJf5 3cD^M^t>'JF^^Stt, ^3^Jte^^hf5]^T*fe^cDTf 

©±tc^^Tia^7 8^B^^nTv^ 0 

E«7 8©±K:l±. g!2 ©*&AllSSfD® 7 7 W^Ti^o £©J&2l«*PJf 
7 7 £HM-T£J;-5tC, ^ ^ y ^ U > ^tc «fc Z>M (Cu)I82, 
m (Cu) 184, Tsrtv* V >^tw«tSS8 (Cu) Jf 8 6 . 



WO 98/32170 PCT/JP98/00130 

17 

8 8 &Bl&£tiT^&o ZCD&m 8 8 lz/\>¥7n—)i> 8 0 3&*7f£fi££*iT ^5 
Cd-e. ^ (Cu) Jf 8 2Zl^ (Cu) I84ii, £^8 821^ (Cu) 
J§8 S<Dm$ffi8 8 aJ: D b&^mfctte^T^Zo flt> §P3 (Cu) 182 
RT?m (Cu) I8 4t;i5fj-5, S*W8 8 a<0^<ftg^«ji&rSii&*iS^g|5 

8 9tiK /\>tr#—JV8 0 b(Dfoj]&m 1 (DJfoXMmm 7 6 (Cfcx.& J:-5(C3B: 
^t^5o Jfc^fcilg|5 8 9c9-£f5 (SSSSI5 8 8 afc(Z>S«*) li, ^>^~ 
tf— ;i/ <*W«3&) 8 0 tm>$&7 8 ^£>Fe§T% rno#^^r^(c^-rs^cD- 

SB 8 8 a,(D^mitrMlz}fojjfcMt$8 9 #BJS<*ft£©-^ Sfc 1 (DifoMMmM 7 6 

^Ufcfifl-r S i:. H&£9 1 ©±£7&fift<*;h,S«l (Cu) M 9 2ZfeVffl (Cu) jf 9 
3 £^ £^feluU9 4 J: < ^otMSo bfc^oT, A>^-;i/95 

zm^o t?z>ffoM±, fo±ifcmffl9 4^^i±fE^-r^*>©o. m (cu) ji9 

2Mi (Cu) 19 3*»£lii£31U;:< <&oT^£o ^tt, « (Cu) B 

9 2MB (Cu) Ji9 3#. JG&^fe^fflJh LT«fifc Ufc^OTN IEi& 9 ICii 



WO 98/32170 PCT/JP98/00130 

18 

1 l^MH&JB) 

@ i i A&ra i i Bt±. m i i*ft^jgfc^§¥«<*£sg£^tia^&£o 
in i i Bii. mil ACDxi-xmwteTfrtz¥mm-?&& 0 

&.m.<D!fo?jfe-Mftt 1 1 2tcJ;oT. y\>^-;i/ 1 1 4 &l£t$$tlX^2>o 

H¥b<&. 0 2tZjfcf&2tiZ>mibmi 0 4 CD ± Kite. IBS 10 

6^fiE^nTV^So IBS 1 0 6ii, ^>^** — ;t, 1 1 4(3D^t:f41t^^7 

k i o 6 ai^^mm i o 8 £ x ^mn.m^m. it ^ & c b*»4>. ibs 1 o 6ii. 
^^4Kt^-»^H i o o tmmmmm<Dm^ji^^^^^t}(Dyj^ m 1 

IBS 1 0 6o±t:iA % Jit«tlI118»^nTl^o ££U a'^ Fl 
0 6 a<Z>±fcfc. ^jlffllJl 1 1 8 tzftifiMf&ZtiX, 110^, siy H 1 

0 6 atA>^'« 1 1 4 ^I^CiitaoCM^tl^o 

fHs i i oji. ^>y^-;i/ (^-gissas) 1 1 4 hiss i o 6 t^mm.m^mm-r 

1 1 4 fc©F^eca»CD^^ffi 1 1 2&WLtirt>tix\^&o ^(Dtzisb. JfoJj 

\sxmm$)i£&m$tix^2>o 

mxi±^ ^>y*-;n i 4ii, *5feffig-eigttffl i i ot;:«fcoTiatti o 6h 



WO 98/32170 PCT/JP98/00130 

19 

*&*iE3l« 1 1 OCDftmiz&B't&mmffi 116alt J5&>b«SfP» 1 I 8tcj&±J 

£ is 5i u r oft iR -r s J: -5 «c & o t ^ § Q 

HI 1 2 A#t>"EI 1 2 Bti N ^ 1 2^Jf$FJ(c^^4 i -^^M^^t-07:^^o 
fciS. HI 1 2 Bfck. HI 1 2 A© XII —XII {&§fc T ^£¥@H]T-& 5 0 C<£>|g 1 

HI 1 2 A&tfEl 1 2 Bti&^T. 2 0 |± x f£ 1 2 

inn 122, 124 ^^--r^o ^ it, ^ i (Dfotimmm 1 2 2©±{riB^ 1 2 

6#B/#£*U ^ 1 (DfaiimmM 1 2 4©±lc^^e^» 1 2 8^M^ntl^ 

50 Ufctf^T. ^>^**"-;v 1 3 01y>t><Dfoh\±, ^M1^12 8^^1 
©/iS^JISlPJi 1 2 2fCfE^^nP^iK^n^ 0 A'^F12 6a©±i:M^ 

ns»»sp 1 3 2i;ooTii, hi 1 1 AK^-rSEKSB i i o t mm<Dffim t -c$> 2> 

cOt^DMMt^o Tl£t>*>, SSiRSBl 3 2fcfc. (*1>8BSffi) 1 

3 0 hlB^ 1 2 6 h&^W^J8JK-rSBB**(Z)-fi5t&oT^5o 

^HIBltatlfl r&^fs^SP 1 2 8 S/hbTflS 1 ©Jt£^«SlP^ 1 2 
2(;J:^t^=£rat§o Uc^oT, ^134lt Ji&^fis^asi 2 8©^ 
Jftflmfc^lMKlc^fifcSftS. ^2©J^*«fifDJBl 2 4 fc©^M^^#BS^nT 
^5, fcofcfc, ffil l^W^^P^^^ttSP^HStt-C^^V^o 
(» 1 3 HM^) 

E13l±, ^1 3SiMlt:^^^iM|g^^tit$)l)o dtf>ifl 1 3fg#fc 

HI1 lAMil 1 Bt^1-tt^©«aSc©*i*fe3tSi5 1 1 2CD{t^DiC Ell 3 
K^-f^SteSSie 1 4 Ofcfc, Hf^^JfoMs^SlS 1 4 2=&tt^o COIi&^ea 
SB 14 21*. IB»1 4 4&rt«ecSA1-5fc»t-ffl^!5^*^nT43D, IB 

51 4 4 i:IMlJ5:^J;^:^ot^So c^i^^MM 1 4 2T-&o 



WO 98/32170 PCT/JP98/00130 

20 

mi 2 mmmmzmm-c $>%><> 
(as i Ammmm) 

V^So fet'U CO^fcgftJJf 1 5 4^ii. SiJiJ 1 5 6ifiJ&i&£tl 

T^So iSl 5 6tCTEli$nfcr>r ^> KgBl 5 8ifimmgti& 0 £ 

fc. ^> KfflSl 5 8tz^^ c to^i2^1 5 9«^ntl^ a BL<lt 
gE« 1 5 9 %Mf£ir%>titblz. il 56 teC^Vt&te Ltt^« 

^ 1 ©JS&^jHilPJi 1 5 4c7)±tc&. || 2 CDJi&^iiafoe 16 0 «^tLT ^S fl 
^ 2 O^^JSlPJl 1 6 0 * 1 56©^ biz KM ft 1 6 0 a#B 

* Its 5^160 ac0^lJIIIUSt>'lla^g!5i:. m 1 ©JG&^«S«IJ1 1 5 4lz$>tf 
S'/? 1 6 0 8Lfr<h(Dmihm 1 5 4 at, 7M5> KfiB 1 5 8±{Cjg*^nfclS«l 

ft ^tiTi^So t§J& 1 6 2 t(i^\>^-;i/ 1 6 4 #E£tt f>nt t>£ 0 

^HM^^tc^nis, at i s 6 «c ctot. r-r ^ > ks i5 8^ ;\>y#- 

(SB 1 5ggfl5J&«) 
Mil 7 Olis JC&^«S«IJ11 7 2©±t^t>n 7 4 



WO 98/32170 PCT/JP98/00130 

21 

12*91 7 6td\ &IStt<Dj£3ip6&T*fifc-rsc £ifit&£ Ul> 0 ^©.fedfc 
HfflSPl 8 O^Mt^ts IM1 7 6£jfc;fc#j!)n;££ftTfc. JRIfflflS 1 8 0 -£ 
ASiR^nSo ;\*>r 1 7 4 3fc*>fea£ftfcJi&;&li. Iil8 4l:li 

JSE&SiS 1 8 Ofc-BJESfSfclfci, Utttffi 1 8 0©|ft|rp£$i< £-51^ 

im 1 6 **tej^ffi) 

<fc§si^i 9 o*±. 9 2 ±tzmm$ nz>m i <D%m 1 9 4t. ci© 

0B*£ 1 9 4CD±twJ^fift^ixSlg 1 ©J5fc;b«fll/i 1 9 6 Z-<Dfojjmmm 1 9 6 

<D±izBm$tiz>m2<Dmmi 9 8 *m~?z><> 

SB 1 £>12^ 1 9 Afribm 1 ©/iS*j»;mJl l 9 %<0±.tzi?VfX. IPS 2 2>iBiiJ 1 
9 8«^titl^o 

S2 6D12S&1 9 8cr)±tctt, ^ (Cu) J§2 0 0#§£#£>*u C 

tf>§8 (Cu) 12 0 0<Z)±fc:fcJu ^2 0^J»I2 0 2#^]GS£;h,T^&o * 
fcs & 2 ©Jbfc;fcSgfnJf 2 0 2tc{i, i(Cu)j| 2 0 0 ± ^ 2 0 2 a 
«^nTl^o fit, ffi (Cu) JI2 0 0©±CM>7 , 2 0 4#i£tt£>n 
t^So &4b\ M>r 2 0 44> — gRfcfc, 12OJi&^ttffll2 0 2lc:jS«ll / t, *'B 



WO 98/32170 PCT/JP98/00130 

22 

*mmtemiz&tit£* m iRz?m2<DEmi 94. 19 8<Dmm$2 0 e 

m2(D%mi 9 8t:/O72.0 4h©g»2 0 8 ^:, i^W-Wmz rtifcttBfc 
IBg£*lT^£o :CT\ &&£gIS2 0 m 1 Zfc^^ 2 CDlEi^ 1 9 4. 19 8 

CDg^?-&£fS#£^L. 18JKffl2 0 8ldu Sg2©IE» 1 9 8Ma*>72 0 4© 
gMtSM^^to mm^2 0 6. 2 0 8li. IBS 1 9 4 t^>T (^fflSffi) 

2 0 4 ts^mWK:ffiKL-rsSP*r©---SP*&Lri^o 
bfc^^T. A>72 0 4 3^^g?«fiP2 0 8 £/rLTf§ 2<£>IM 1 9 8twjE6±; 

9 4©rrtt#Mi±£*iSo 

0 0{:li3 0 2 f®ffe£Z)i?SMbti)< (m 1 7 A#JB0 0 

^ *>>^B3C /Vr>^- i/3>m«Ccfc t)»5=-rs=f ^o^^^^tt^- tifi 

&fc % HI 7 At^tiat, 7^^^'J>^taot^^-A3 0 0(Z)±i 
(c^^>^>^X^> (T iW) 13 0 4RTfffi (Cu) 13 0 6£ffifa-tJF$Ji£ 



WO 98/32170 PCT/JP98/00130 

23 

-TSo *»igXJifci\ ^^>^>^X^> (TiW) Zi^fl (Cu) £id 

***>*>^.*^>Ji : 1 0 0 0A (10" lc m) 
i§Ji : 1 0 0 0 A (1 0 - 10 m) 

M^v^rM : 0. 

mmt Lt*> cfc^o 

&fc, U 1 7 BKL^-Tct f^>^>^r>®3 0 4, ftljg 3 0 6 JSlU 

7* h us/'x^JBiu-riSfeit-rSo ci-5 Lt\ HI 1 7 Bt^t^ot:, 1 

^ ^ KWJH3 i 2^^^^^» 0 ri?g>r s KWJii3 i 2 (A. in 2 t^-r/fc^isgin/i 

3 1 0,5W>3L^ 3 0 0 i:^'Ji^ h'^3 l 2 i: |qj±-T So 

^U-f S KStfl£3 l 2 hit, ^—^3 o 0©^yS"*— >h >lh©|&i 

*LT. y-f $ Kttf3 l 2£*tLT, r>J^-^ s «gjft. % 

'#Lj&RU&{b<DX.m%fto o Colt, ll 7D(:/TstJ;9i:, # U -f S K 

mm 3 1 2(c^3 i 4**jgfi6^ns 0 ^ k*§^3 1 2 a. m%&3 1 om 



WO 98/32170 PCT/JP98/00130 

24 

3 1 4ttl*l®£. 6 0-7 0° tt©T-^^^ni)o b£#oT, tf'J-l'^ 
K $f JIh 3 1 2 t. LTs ^31 4 CDI*] rSlC^-^'^^^ ft £ & O^MiR-T £ d h# 

mm* mix-To ^u-y ^ kwu§3 1 2£D^iEjii, t v is>'?iz£^i:&mmt<D 

^LT. Ill 1 7 Efc^-Tctafcls U-f ^ Vmm3 1 2©£ffifc;*/'?** u > 
^tcJ;oT^^>^>^^^> (TiW) 131 SZfeWfS (Cu) if 3 1 8 £Ji 
fetMt^o ^lt, ffljg3 1 8©±i:, ffi* v*M3 2 O^fl^ ^^r^(c 
J;t)Mtl)o >^ v^^^>Ji 3 1 6 Dd. (T i) 

^•^>^>^^^>Ji : 1 0 0 0 A (10- 10 m) 
§HJ1 : 1 0 0 0 A ( 1 0- 10 m) 

9\*y*M : 0. 5-100^m 

Z.o IT, il 8 Atc^f Xoiz, W!,U3 1 0±C *&3b{K3*fiB3 2 2 a^fifc 

$n-5o *Lt> 3 2 2 wtts o 2 r^x^ir£&r^>>^£ 

^ LTs D 1 8 B£7j*-r £0 /^^i1e^3 2 2 * h 3 2 4 * 

saw-So ^>y^-^h 3 2 4(^, 00*12, v — >mm£.&^xmi't&z£ 

tfXB&o £tz, — X h 3 2 4<£>fti&£ 2 5-1 5 £t m^Jftfc "Til fcf. 



WO 98/32170 PCT/JP98/00130 

25 

j;oTs m 1 8 ct^-r Jioiz^ s\>y7$i— jv3 2 e commz-r^o * it, -? 

Jfc;ft«ftUi 7 fcfc. ^<t**S12i:TI*nfefi«K:M$tt5o fc*5* 



WO 98/32170 PCT/JP98/00130 

26 

& 0 foM&mmi ^mmmmizmv, m^ms ^mmmiM^izEm-r ^> (sis 

IB3&3 <«jS2 

mm 2 ^ia^3 

2 <BB«3 

n^^xx. $>z>^i±citit&ffli,z^ mi 5iMi©$D<si (»fli) 

2 ^ w^c/fo;k*I*DJi 7 £ h tr^ffi 2 ^ ^IBtt 3 £7&fiS;1- 



WO 98/32170 PCT/JP98/00130 

27 

0 0 £^bfc®i&gt£ 1 0 0 O^^^nti^o l§]l&StRfc&0J£fcf #^;*.x 
fit, 1 0 0 0 SBitSS^i: It, H2 1C(±. ^ - h 

1^— v±;i/=i >t^— # 120 o^^^nt^So 

t-7-gtlu D ui:lt, #Jxt£. JStniS. 3>^>1?\ 3>OW ISfiSS. 7-f;i/ 



WO 98/32170 PCT/JP98/00130 

28 

ffcmMj&m t mm^^m^m^T z^t-z, ^mm^ ct^^ mm l 

i:lRl«T-feSfc«>l5iW*«lii&-rSo 



WO 98/32170 



29 



PCT/JP98/00130 



4. sf^Jl3HBitt^^^^^(c^oT, 

6. 3f^JI3HB$SdCD^^^S^^^T s 

7. ag^c3S6s3*©^»«:SIB{c^^-r^ 

S BJfo f£51S <Z>*M?J ^e>T^(clSStxvf >^nt ^ J* £ ft S f - !£ c 

8. »#JB3f3m©#»tt»afcfc^"t\ 

H«g3^«pma©^& < t&m^ft-mtmmmtjmmmtcDmizifr&i,. mm** 



WO 98/32170 



PCT/JP98/00130 



30 



witzmmfcmmz. mrd^mm^t Lxmm^tfe&&nfr 
io. m>&n imm<D^mi^mm^^x, 

HuiBia^ti. mmm i Rv<m2<Dj&t}mmm<DF3tew>v ^n, 
mWdmmm^ mmm 2 (D^mmm^mmi^xm^ ^ti, 
Mw,j&±ife&u&, mMm 2 (D!fojjmfomcD±iz&\,^xmm&mffiiz—i&mi<z 

1 1. ffi&m imm<D*mi*gimi£&^x. 

tuHBia^tis mam 1 ikxfm2<Dj&t>mmm<nf$i£.m*e>ti. 
iiuBasscSBii. mmm 2 (D^mmm^mmLxmi-f ^>n. 

izmmztizm 1 (D^m^t. mmm 2 ®}fot>mftm<D±^&i^xmzmmi®fc 

1 2. ni^ll l§H*0^##:»Stc*5^T, 

13. at^n ltmn^mfammjz&^x. 

14. ii^ijf 1 3 8E»<B^S#$!HC*3^-T, 



WO 98/32170 PCT/JP98/00130 

31 

1 7. ffi&mi 6SB*©*»#5§®K:fe^"t. 

18. a^^il liBitB^-SffcKBfc^T. 

naiBiESua. mmm i (Oh^ttmmmcoTizm^n^m 1 commit, mt^m 

ntrsB^ 2 cosa^gp ^ £ig^-r £^ 2 <z>ifi»®Rfip«^ u mmm 1 2 oia 
mzj&jjfcmm±. mmm 1 Rvm 2 ©^^^©p^-chuib* 1 

rB^2©Ifi^i^Si5^-^^^^^ni>^2©^^^h. ^tta^iMio 

19. |&^JIlHB«E©*i@t«:f5S*-*5^T. 

-huKBIBSU^ miiB^±f©^^^f^^^b-t(a^ii:^^fpIT% huIIB^ 

mmt*n%mzmmi- z>%mt, mmm^mi"<D±i / zm^^ti^^mm^t, 
buhb^im^b^ 

2 2. sKtttaRtom 1 ? 1 *^^— frw^Jf^t-sx^^, 



WO 98/32170 PCT/JP98/00130 

32 

HuiB^te^ © s^si * % m * v>m #• iz wm -r s n ^ , 

23. $=.—j-\tzmm&j&f&? sxii:, 
ffj ibum £ & t* t tu sa - ^k: «^«fflgp^»^ & xn ^ , 

25. t§^^2 3mm<n*mte^w<omm.xmzjo^x, 

^gB^^ — -'nOTTOWtJISO^u^. tuHBJfo;bfc§^^c2»±^ £HUsB^fHSW3i©iJ>fc 

27. is*«u frt>m&m 2 o<D\,^nfriznzmo)¥-m&$im£, pjfa©E«^ 



WO 98/32170 



PCT/JP98/00130 



33 



2 8. m$H%2 7 IBlUfiflDlHl^tSS^-rsm^W^c 



WO 98/32170 



1/17 



PCT/JP98/00130 




WO 98/32*70 



PCT/JP98/00130 



2/17 



FIG. 2 




WO 98/32170 PCT/JP98/00130 

3/17 



FIG .3 




WO 98/32170 PCT/JP98/00130 

4/17 



48 40 



FIG.4A 




FIG.4B 



40 




WO 9832170 



PCT/JP98/00130 



5/17 



FIG. 5 




FIG. 6 




WO 98/32170 



PCT/JP98/00130 



6/17 



FIG .7 




WO 98/32170 PCT/JP98/00130 

7/17 



FIG .8 




WO 98/32170 PCT/JP98/00130 

8/17 




WO 98/32170 



PCT/JP98/00130 



9/17 

FIG. I I A 




WO 98/32170 



PCT/JP98/00130 



10/17 




WO 98/32170 PCT/JP98/00130 

11/17 





WO 98/32170 PCT/JP98/00130 

12/17 

FIG. 15 

174 




I90 



WO 98/32170 



PCT/JP98/00130 



FIG.I7A 



(3/17 




302 



FIG.I7B 




302 



300 



FIG.I7C 



FIG.I7D 



FIG.I7E 



302 



3IO 



314 



300 



310 



302 




312 




300 



WO 98/32170 



PCT/JP98/00130 



4/17 



FIG.I8A 




302 



312 



300 



322 



FIG.I8B 



/ 

302 



324 




310 




312 



300 



FIG.I8C 



326(324) 




312 



300 



WO 98/32170 



PCT/JP98/00130 



15/17 



F IG. 19 




WO 98/32170 



PCT/JP98/00130 



16/17 



F I G . 20 



1000 



i 100 



17 / 17 



FIG .21 



1200 




INTERNATIONAL SEARCH REPORT 



Internal ional application No. 

PCT/JP98/00130 



A. CLASSIFICATION OF SUBJECT MATTER 
Int.Cl 6 H01L23/12, 21/60 






According to International Patent Classification (IPC) or to both national classification and IPC 




13. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl* H01L23/12, 21/60 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-1998 
Kokai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan Toroku Koho 1996-1998 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
A 


JP, 8-111473, A (Hitachi, Ltd.), 
April 30, 1996 (30. 04. 96), 

Page 4, left column, line 32 to right column, 
line 31 ; Figs. 1 to 4 (Family: none) 


1, 21, 27, 28 
2-20, 22-26 


A 


JP, 4-280458, A (Hitachi, Ltd.), 
October 6, 1992 (06. 10. 92), 

Page 3, right column, line 14 to page 4, left column, 
line 4 (Family: none) 


1-28 


| | Further documents are listed in the continuation of Box C 


| | See patent family annex. 




* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing date 
"L* document which may throw doubts on priority clatiru» or which is 

cited to establish the publication date of another citation or other 

special reason fas specified) 
"O" document referring to an oral disclosure, use. exhibition or other 

means 

"P" document published prior to the international filing date but later than 
the priority date claimed 


"T" later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot he 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
"Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled in the art 
"&* document member of the same patent family 


Date of the actual completion of the international search 
April 13, 1998 (13. 04. 98) 


Date of mailing of the international search report 

April 21, 1998 (21. 04. 98) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer 




Facsimile No. 


Telephone No. 





"SA/210 (second sheet) (July 1992) 



m\^mm^ pct/j p 9 s/oo 1 3 o 



a. xmnm-i-zftwuDftm (mmmn^m u pc> ) 

Int. CI.* H01L23/12, 21/60 



Mfcffofctt/MRSW* (ISIgm'HMg (IPC)) 

Int. CI. ' H01L23/12, 21/60 



H *HHffl«r3B^i« 1926-1996^ 

B *@4i5HI?ffl3K3g^« 1971-1998^ 

0 *®«»3SfflSr3fe2fc8l 1994-1998^ 

0 #S^8Sr3S»0£r«l 1 9 9 6- 1 9 98¥ 









X 
A 


JP, 8-111473, AttSfcES^fcB *mfm) 
3 0. 4fl. 1 9 9 6 (3 0. 0 4. 9 6) 
I41£M3 2fT^«*3 Iff, Il-4i 


1,21,27, 28 
2-20, 22-26 


A 


JP, 4-28045 8, A(*Sfe^^fcH55:aaf^^f) 
6. 10^. 1992 (0 6. 10. 92) 
*3I*TO1 4tT-m4M&^m4ff (77^-^1) 


1-28 



B^u<r±fl&©»8iJ/j:a*4r«iici--57t«)icgiffli-s 



J: o T m&tetf ft <t h *t 5 1> co 



HBB«3SEar^TUfcH 

13. 0 4. 9 8 


21. 04. 98 


B*S»BfJr ( I S A/ J P) 
SHSS^ 100-8915 
Jfc*fflS^ft JBKflMSBflHT B 4 & 3 # 


mSSffi^ 03-3581-1101 ? 


4 E 


9 4 4 2 


3 4 2 7 



^PCT/lSA/2lO (^2^-^) ( 1 9 9 2^7^) 



